Residual stresses in T-1 constructional alloy steel plates,  January 1965, Reprint No. 320 (67-3) by Odar, E. et al.
Lehigh University
Lehigh Preserve
Fritz Laboratory Reports Civil and Environmental Engineering
1965
Residual stresses in T-1 constructional alloy steel
plates, January 1965, Reprint No. 320 (67-3)
E. Odar
F. Nishino
L. Tall
Follow this and additional works at: http://preserve.lehigh.edu/engr-civil-environmental-fritz-lab-
reports
This Technical Report is brought to you for free and open access by the Civil and Environmental Engineering at Lehigh Preserve. It has been accepted
for inclusion in Fritz Laboratory Reports by an authorized administrator of Lehigh Preserve. For more information, please contact
preserve@lehigh.edu.
Recommended Citation
Odar, E.; Nishino, F.; and Tall, L., "Residual stresses in T-1 constructional alloy steel plates, January 1965, Reprint No. 320 (67-3)"
(1965). Fritz Laboratory Reports. Paper 174.
http://preserve.lehigh.edu/engr-civil-environmental-fritz-lab-reports/174
by
Enver Odar
Fumio ishino
Lambert Tall
-- --- --- --- -----2..9'" 'l- -..~
~ L)I::X~E,L~
Welded and Rolled T·I Columns
290.4
TABLE OF CONTENTS
ABSTRACT
1. INTRODUCTION
Purpose and Scope, Influencing Factors
Previous Studies and Experiments
2. DESCRIPTION OF TESTS
Types of Plates and Welds
Residual_Stress Measurements
Mechanical Property Tests
3. TEST 'RESULTS AND DISCUSSIONS
As-Cut Plates
Center Welded Plates
Edge Welded Plates
ii
1
1
3
5
5
7
9
10
11
12
14
4. COMPARISON WITH THE RESULTS OBTAINED FROM ASTM A7 STEEL 16
5. SUMMARY AND CONCLUSIONS
6. ACKNOWLEDG.MENTS
7 . NOME;L\JCLATURE
8. DEFINITION OF TERMS
9. TABLES AND FIGURES
10. REfERENCES
i
19
22
23
24
25
57
290.4
ABSTRACT
This paper presents the results obtained and conclusions made in
an experimental investigatipn of residual stresses due to welding and
cutting in welded and unwe1qed T-1 steel plates.
Welded and unwelded specimens having either sheared or flame cut
edges were tested, The residual stress pattern and magnitudes are
presented for a wide range of plate and weld sizes. The effect of
different types of electrode, number of passes, weld size and, mainly,
the geometry of the plate is discussed,
A knowledge of the residual stress pattern and magnitude in plates
makes it possible to estimate the residual stresses in shapes built-up
from plates by welding, The strength of a column depends on the resi-
dual stress distribution and magnitude; therefore knowing these, a~d
other properties the strength of the column can be estimated.
~, ii.-
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1. INTRODUCTION
A research project on 1tWelqed Built-Up and Rolled Heat Treated
T-l Columns" is in progress at Fri tz Engineering Laboratory;, Lehigh
University, under. the guidance of Task Group 1 of the Column Research
Council. The following report presents the results of the experi-
mental investigation in one phase of the Project: t1Residual Stresses
in Welded T-l Plates."
The overall study is also concerned with the residual stresses
in welded built-up and rolled heat treated T-l steel col~mns.
*T-I constructional alloy steel , is a low carbon, quenched and
tempered steel, introduced by the United States Steel Corporation in
1953. It has exceptional strength and toughness, combined with good
weldability. Procedures for proper welding, and selection of electrodes
for this steel are summarized in Ref. 1. T-l steel is furnished with
a minim~m yield strength of 100 ksi and a tensile strength in the
range of 115 to 135 ksi for plate thicknesses, between 3/16" to 2-1/2",
inclusive. The modulus of elasticity is approximately 30,000 ksi.
Detailed information on mechanical properties, chemical composition
and processing of T-l steel is given in Ref. 2.
PURPOSE AND SCOPE
Residual stresses occur in almost all structural steel members as
a result of plastic deformations which take place during or after
various fabrication operations. ,Rolled sections contain residual
* 'T~l constructional alloy steel meets the requirements of ASTM A5l4
steel.
- 1 -
290.4
stress due to uneven cooling after rolling. The rate of cooling at
the central section of the fl~nge in wide~flange shapes is. consi-.
derably slower than the rate at the edges. Th~s faster cooling rate
at the edges normally causes compressive residual stresses at the
(3 )
edges and tensile r~sidual s~resses at the center of the flange.
Rolled sections often require cold straightening which induces strains
beyond the yield strain in some parts of the section, and thereby
causes residual stresses. Cambering leaves a pattern of residual
stress similar to the pattern due to cold straightening, but different
(4,5)
from the pattern left by uneven cooling . . Another important c~use
of residual stresses is the process of welding. The residual.stresses
introduced by welding resembLe in pattern those due to uneven cooling,
and are caused by the local he~t input an4 resulting plastic deformation
(4)
during cooling, . The form~tion of resiqual stress due to welding is
a complicated process because of the large number of factors involved,
such as material properties, type of welds, welding procedure and the
(6,7)
geometry of the sh~pe . The geometry of the shape has been shown
(6)
to be one of the main factors
When plates are welded together to form a column or any other
structural member, residual stresses are formed due to the welding,
and these residual stresses may de.crease the strength of the section
considerably. The strength of a compression member in general depends
on the average stress-strain relationship for the memper which in turn
(4,8,9)
depends on the magnitude and distribution of residual stress'
The compressive residual stresses reduce the buckling strength of the
- 2 -
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member by causing ea~ly local yielding at certain parts of the cross
(4)
section. It is known that the presence of residual stresses is
the major factor affecting the strength of centrally loaded columns of
low to medium slenderness ratios, L/r, depending on the strength of the
*steel so that the design curves for column strength need to be modi-
fied to take account of residual stress.
It is essential, therefqre, to have an accurate knowledge of the
residual stress distribution and magnitude for various plate thickness
**and widths, and for different weld types and sizes
This paper gives the experimental results of tests performed on a
large number of plates with various geometric propertieso Table 1 gives
the sizes of the plates and the, tests conducted a Tables 2 and 3 show'
the geometry of the plates and additional related information on tests
and welding.
PREVIOUS STUDIES AND EXPERIMENTS
The analytical methods for the determination of the magnitude and
distribution of residual stresses in welded plates are extremely compli-
cated and are not exact. However, a number of theoretical studies have
been made, based on simplifying) assumptions. Refo la, has a complete
summary of theoretical and experimental work on this subjecto
*
**
(4)
40 < L/r < 120 for ASTM A7 steel ,30 < L/r < 60 for T-l steel.
The weld sizes are defined in Fig. 1, and the individual dimensions
are given in Table 3~
- 3 -
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Although residual stresses have been studied extensively, Ref. 10
was the first to present definite conclus:ions on the studies conducted
on plates with varying geometry .. : A wide range of welded and unwelded
ASTMA7 steel pla~es were tested and conclusive results were presented.
Also, the results of a theoretical stuqy were presented in Ref. 6 for
the same plate geometries, employing a simpie step-by-step method which
takes into account the complete history of the cooling of the piece and
the variation of material properties.
There was not, however, any study on ~esidual stresses in higher
strength (over 100 ksi) steel plates, welded or unwelded, and the tests
.reported in this paper were conducted to obtain the data for plates of
T-I constructional alloy steel.
- 4 -
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20 DESCRIPTION OF TESTS
TYPES OF PLATES AND WELDS
The plate sizes tested were selected so as to represent the
component parts of commonly used built-up members 0 The plates chosen
encompassed a range larger than any hitherto tested in any single
program. Tables 1, 2 and 3 give the summary of the plate dimensions
and the tests conducted a
Generally universal mill plates are cold-straightened at the mill
to be within specified tolerances 0 This cold-straightening results in
residual stresses at~~some locations, and these locations should be
excludeq from the program. For structural carbon steel, ASTM A7 steel,
the locations affected by cold-straightening are easily spotted by the
flaking of mill scale. This is not true for T-l steel~ An attempt
was made to identify cold-straightened~,locationsby observing yield
lines. and plates containing such yield lines were not testedo
The plates were cut to specifi~d sizes from wide plateso The usual
cutting procedure is by flame cutting, however, for thin plates (up to
...
. . 1/2" thickness) shearing is also appliedo Both cutting procedures
leave some residual stress in the plate. For comparison of the effect
of different cutting procedures on the magnitude and distribution of
residual stress, both flame-cut edge and sheared edge plates were
tested. Tests T-I to T-9 inclusive were on plates cut by flame cutting
and Tests T-IO and T-ll were 9n plates cut by shearing.
- 5 -
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The plates tested included unwelded plates, center welded plates
and plates welded along one or both edges, the latter two simulating
the components of welded built-up H and box shapes,. as sho~n in Fig. 1.
Manual shielqed metal-arc welding, and automatic submerged arc welding
processes were employed 0 The electrodes used for most of the manual
welds were E70 series, which are commonly used in industry and,
correspondingly, the wire and flux combination used was L70 and L840
used for automatic submerged-arc welding.
For determination of possible difference in magnitude and distri-
bution of ;residual stress due to the use of different electrode types,
a higher strength electrodes also was used. Automatic welding, usi~g
1100 series with a 709 flux, was performed on plates T-S-5 and T-S-6
of Test 5. Either single or double V-grooves were used for the center
welded plates. Of the eighteen center welded plates, ten were welded
by an automatic welding process, and eight by a manual welding process.
Two of these plates, T-6-10 and T-6-12, were welded with double V-
groove. Table 3 gives the types of welding employed, and Table 4
shows the electrode types used for each plate. Nineteen plates were
welded on one or both edges. Thirteen plates of this group were
welded by automatic welding and six plates by manual welding process.
Plates T-6-8, T-5-l0, T-7-6, T-8-4, and T-9-6 were welded on both edges
to simulate H and box shape components. All of the plates mentioned
above were cut from rolled plates by commonly used flame cutting proce-
dure. In addition, eleven sheared plates were tested to observe any
possible differences in the residual stress magnitude and distribution
- 6 -
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due to different cutting procedures; 1/4" x 4" and 1/2" x 6" plates of
tests T-lO and T-li respectively. Three plates were center welded and
two plates were single-edge welded; both manual and automatic welding
processes were employed. (Tables 3 and 4).
The plates were welded by professional welders in the welding shop
of a large industrial plant and the information related to welding such
as voltage, amperage, sp~ed of electrode ~ravel, type of electrode,
number and position of beads was recorded. Table 4 gives the detailed
information on the welding procedures used.
In Test 3, the plate was center welded by manual arc welding along.
the length and the residual stress measurements were taken in four
places to check the variation in magnitude and distribution along the
length o~ the plate. (Figure 2 shows the layout for plate T-3).
RESIDUAL STRESS MEASUREMENTS
*All th~ plates were sufficiently long so that a uniform state of
stress existe'd in the portions where the residual stresses were
measured. The method of " sectioning 11 was used for the measurement of
'd 1 · b" · 1 d' th · (5)reS1 ua stra~ns, ecause 1t 1S s1mp e an g1ves e average stra1ns
within the gage length. Longitudinal strains were measured over a 10"
gage length by a 1/10,000" Whittemo,re strain gage on a series of previ-
'ous ly laid out holes across the width of the plate. Figure 3 shows a
typical layout of the holes. The personal factor on measuring the
strains with the Whittemore gage was found to be negligible, after
comparison of independent measurements made by two different investigators.
* At least three times of the width plus the gage length.
- 7- ..
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The strain readings were from both top and bottom faces of the
plates, except plates of 1/4" thickness which were measured on the top
face only, because they are in ~he category of "thin plates" which are
expected to have the same residual~stress distribution throughout the
(10)
thickness of the plate . The spacing of the gage holes was
arranged to give more readings in regions of stress variation than in
regions of constant stress. Both ends of the lOt' gage length were at
a distance of 1/2" from the cut edges. A standard 10" steel bar was
used to compensate for the effect of temperature changes on the strains
during the readings. The residual strains were obtained after measuring
the stress-relieved, sawed strips, containing the gage holes .. Fig~re 4
shows the s~wed strips, the Whittemore gage, and the temperature bar.
The residual stress was then determined by the simple formula
where
a
r
E
a is the average residual ,stress along the
r
10" gage length (ksi)
R
1
is the non-dimensionalized distance between
gage holes before sectioning (in/in)
RZ is the non-dimensionalized ,distance between
gage holes after sectioning (in/in)
Tl is the non-dimensionalized distance between
the holes in the temperature compensating bar
at the time of R readings (in/in)
1
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T is the non-dimensionalized distance between
2
the holes in temperature compensating bar at
the time of RZ readings (in/in)
E modulus of elasticity of steel (ksi)
Positive results indicate tensile residual
stresses and negative results indicate
compressive residual stresses.
It should be noted, however, that only the longitudinal residual
stresses are obtained by this method.
MECHANICAL PROPERTY TESTS
A number of tension tests were conducted on coupons, cut from the
plates before and after welding, to ascertain the material properties.
Small coupons made of weld metal were tested to obtain the yield stress
*level of the weld metal. The dimensions of the tensile coupons were
. (11)
in accoridance with ASTM specifications . Table 5 -shows the plates
tested and Fig. 5 shows a typical layout for procurement of the test
specimens.
* 'See Definitions
- 9 -
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3 . TEST .'RESULTS AND. DISCUSSIONS
The results obtained for some of the tension coupon tests are
presented ·in Table 6, and typical load-strain 'relationships for weld
metal and for a T-l steel tension coupon are shown in Figs. 6 and 7,
respectively. According to the test results, the static yield stress
*level was 110 ksi, and the modulus of elasticity, E, was 30,000 ksi.
The results indicate that for most of the plates, the residual
stresses at the top and bottom faces were little different but the
difference was so small compared to the yield strength of the material,
that the average value could be useda (Figs. 10 through 18). The
results obtained are presented in a tabular form in Tables 7, 8 and 9,
where the values of residual stresses are the averages of both top and
bottom faces of a plate. The sheared edge plates, test T-II, Fig. 11,
contained large compressive and tensile residual stresses on top and
bottom faces, respectively. Because it is sometimes essential to have
a knowledge of the pattern and ~~gnitude for individual faces, the top
and bottom stresses were not averaged. The "thin" plates of tests T-l
and T-10 were considerably bent after sectioning, therefore, the results
were adjusted to compensate for the effect of curvature.
The results obtained from this experimental study are presented in
three parts. Residual stress in as-cut plates, in center welded plates
and in edge welded plateso
*See Definitions'
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AS-CUT PLATES
For as-cut plates, the residual stresses result from cutting
(flame cutting or shearing) and other fabrication processes 9 The
residual stresses obtained for flame cut plates are shown in FigG 8,
10 and 12 to 18 inclusive, and a tabular representation is given in
Table 70 The maximum compressive residual stress was in the range of
3 ksi to 10 ksi, the average being approximately 6 ksi. The average
maximum compressive residual stress for plates wider than 121t was
approximately 4 ksi. This average compressive stress extended across
60 to 95% of the plate width. The mC}ximum tensile residual. stress was
at the edges and ranged from 26 ksi to 86 ksi. Two plates 24" ·-x 1"
(T-9-3, and T-9-5), showed a peculiar pattern as given in Figo 18. The
shape of these curves probably resulted from co~d work 0 Table 7 also
presents the distances where the compressive and tensile residual
stresses occured along the width of the plate.
The plates with sheared edges presented an entirely different resi-
dual stress pattern as can be seen in Figso 9 and 11. The results
obtained from the 4" x 1/411 plates are shown in Fig 0 .9. These are the
values calculated from measuring strains on One face, and they are
adjusted to exclude the effect of curvature. In the 6" x 1/2" plates
there is a very different appearance between the residual stress patterns
of the top and the bottom faces, as seen from Fig9 11, at the sheared
edges 0
- 11 -
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CENTER WELDED PLATES
The distribution of residual stress across the widths of the
center welded plates as measured on top and bottom faces are shown in
Figs. 10 through 18, and for pl~tes measured on one face only in .Figs.
8 and 9. The salient dimensions of the residual stress distribution
are enumerated in Table 8 for most of the plates. They are based on
the averages of the magnitude of residual stress measured on both top
and bottom faces. The resulting curve and the notations used in the
table are shown on top of Table 8. Tensile residual stresses were
observed at the flame cut edges and at the weld. The compressive resi-
dual stress re'ached a maximum of about 24 ksi in plates welded by
automatic welding and a lower value of 16 ksi for plates welded manually.
The average compressive residual stress ranged from 6 ksi to 18 ksi.
The highest tensile residual stress for the plates of Tests T-2
through T-9 was found to be about 84 ksi at the weld for plate 2 of
Test T-S (Figo 14), having a 1/4" automatic weld. The residual stress
distribution in plates with flame cut edges 4" x 1/4"- are shown in Fig. 80
The results obtained from center welded sheared edge plates are shown
in Figs. 9 and 11. The maximumc9mpressive residual stress averaged
about 19 ksi for the various plates investigated, being equal to 22 ksi
for automatic welding, and a lesser value for manual welding.
- 12 -
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The effect of different electrode strength on the magnitude and
pattern of residual stress was studied on a 12" x 1/2" plate. The
plates were welded automatically with a high strength electrode of
the LlOO series and 709 flux. As seen from Fig .. 14 there is no
important difference in pattern ormagn-i t·uae-. of residual- s·tress. in
plate T-S-4 welded automatically with an L70 electrode, and in plate
T-S-S welded automatically with an LlOO electrode. Therefore, it was
concluded that no important effect on the resulting residual stress
resulted from the use of an electrode having 30 ksi higher tensile
strength. Some of the plates of Test T~S and T-6 had different weld
sizes. This was done to study the effect of different weld sizes on
residual stress -in plates with the same geometry. Figures 14 and 15
show that the effect of different weld sizes is small. The ~agnitude
and distribution of residual stress resulting from larger weld did not
differ from that resulting from ,smaller weld i ~xcept for a reduction of
tensile resEldual stress at the flame cut edges for the larger weld.
Although no data are available to allow a direct comparison of the
effect of number of weld passes on the residual stresses in plates of
the same size welded in the same way, the available results suggest
that the effect would be small. Plates T-6-l0 and T~6-12 were welded
with a double V-groove and the comparison of the results with those
obtained for plates T-6-6' and T-6-8 welded with a single V-groove of
the same size weld showed no significant difference in the residual
stress pattern and magnitudes. (Fig. 15).
- 13 -
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EDGE WELDED PLATES
The residual stress patterns ~easured experimentally are shown in
Figs. 8 through 18. The salient dimensions of the residual stress
distributions for most of the plates are presented in Table 9. The
notations used in Table 9 are explained in its inset figure. The maxi-
mum compressive residual stress obtained from flame cut plates of tests
T-2 through T-9 was 20 ksi in plate T-4-6 (Fig. 13), the average being
approximately 10 kai. The average compressive residual stress in most
of the wider plates of tests T-7, T-a ~nd T-9 (Figs. 16, 17, 18) was
6 ksi. The tensile residual stresses at the welded edges were compar-
atively high, reaching the yield strength in the weld for the 1/2"
automatic weld on Plates T-6-l6 and T-9-6 (Figs. 15 and 18), and was
appro~imate1y 80~- ,ks i for mas t of the pIa tes .
. Some stress reversals were observed in plates T-9-4 and T-9-6
(Fig. 18) probably due to the cold-straightening of these plates.
The residual stress pattern for the sheared edge plates are shown
in Figs. 9 and 11. The tensile residual stress at the welded edge was
as high as 85 ksi for Plate T-II-B. However, the characteristic resi-
dual stress in the sheared edge plates exists at the non-welded edges;
that is, high compressive residual stresses on one face and high
tensile residual stresses on the other face of the plate. Although
. indi~idual stress values as high as 37 ksi were observed, a negligible
average value resulted.
- 14 -
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As shown in Figs. 14 and 15, no important difference in magnitudes
and patterns of residual stresses resulted from the use of different
electrode types on plates of Tests T-5 and T-6. Plate T-5-6 was welded
automatically with a high strength electrode of the LIOD series with
709 flux. Comparing these results with those obtained for plate T-S-IO
which had the same weld size, but was welded with the L70 electrode,
shows that the. patterns and magnitudes of residual stress formed in
these plates were similar. (Fig. 14).
From the results obtained it appeared that the distribution of the
residual stress in T-l steel plates may be r~presented by straight
lines. (Figs. 8 through 18). Also, the residual stress distribution
in plates non-welded, center welded and weld~d an both edges may be
considered as symmetrical about the center line for practical punposes.
(Figs. 8 through 18).
- 15 -
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4. COMPARISON .WITH THE RESULTS OBTAINED FROM ASTM A7 STEEL
,An extensive investigation wa~ carried out in Fritz E~gineering
Laboratory, Lehigh University, to determine the residual stresses in
,manually welded ASTM A7 steel plates. Reference 10 presents the
results of that study.
It would be of interest to compare the results obtained for A7
steel plates with those obtained for T-I steel plates, since the
comparison might give some knowledge on the difference in behavior of
compression members built-up from these steels. However, the A7 steel
plates included, in ~he previou~ study had rolled edges, (universal mill
plates), whereas the plates in this study had mainly flame cut edges.
Furthermore, plates with identical geometry were not tested in the two
programs. Thus no ,direct comparison of plates of the two steels is
possible.
The residual stresses introduced due to flame cutting or shearing
of the edges in T-I steel plates are different: from those found in
universal mill plates of A7 steel. Representative patter~s of residual
stresses in the unwelded plates are shown in Fig. 19. Although there
is a significant ,difference, it is probably due more to different edge
treatment of ·the plates than to the different steels.
- 16 -
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Typical r~sults of edge welded plates of both steels are shown in
.Fig. 20. The most significant difference is the patterns of distri-
bution of stresses. T-I steel shows rather constant distribution of
compressive residual stress and abrupt change from compressive resi-
dual stresses to tensile residual stresses near the edge. The distri-
bution in A7 steel plates are reasonably smooth throughout. Most of
the A7 steel plates weLded at one edge, had tensile residual stresses
at both welded and unwelded edges and the tensile residual stress
existed over a large percentage of total width, including the sectio~s
which ,had containe.d compressive residual stresses in the unwelded state.
The peak value of the compressive residual stresses in A7 steel plates
is higher than those in T-I steel plates of similar geometry. However,
such large magnitudes take place at a point covering only a small
portion of the total width. In general, the magnitude of compressive
residual stress is sl~ghtly higher in T-I steel plate over most of the
width of the plate. A good average of the difference is 2 to 3 ksi
for the plates between 4 to 8 inches wide and less than 2 kai for the
wider plates. The portion of the width under compressive residual
_stress is 30 to 50% of the total width in,A7 steel plates whereas it
is about 60 to 80% of the total width in T-I steel plates.
The tensile residual stress at the weld ranged from 40 to 60 ksi
for A7 steel plates, welded by E60XX electrodes 0 The magnitud~ in T-l
steel plates was higher and ranged from 60 to 110 ksi.
- 17 -
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Similar results have been observed in center welded plates. Fig.
21 represents the results. The compressive residual stress in center
welded A7 steel plates was not' constant and showed the peak at the
edges for narrow plat.es from 4 to 12 inches wide. For wider~ plates
this peak value was observed somewhere between the weld metal and the
edges. Again the peak value of compressive residual stress were often
larger than those in T-I steel plates. However, the average value as
well as the portion of area under compressive residual stress were
relatively small in A7 steel plates. The distribution of stress in A7
steel plates was smooth and may be closely approximated by a p~rabola,
eapecially for narrow plates. However, this was not true in: T-1 s,teel
plates. Even for the narrower plates of T-l steel (6 inches wide), the
compressive residual stress is rather co~stant and the change f~om
compressive to tensile stress was abrupt. The pattern may be closely
approximated by straight lipes .rather than,by ,8 paraboLa. This differ-
'ence- in pattern was one of the significant res-ults found in .this,i
investigation.
- 18 -
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50 SU:MMARY AND CONCLUSIONS
This report presents the results of an experimental investigation
to determine the magnitude and distribution of residual stresses in
welded (both automatically and manually) and unwelded plates of T-l
Constructional Alloy quenched and tempered steel. The plates investi-
gated vary in width from 4 to 24 inches and in thickness from 1/4 to
1 inch. The results of this study will be used in the determination of
the influence of residual stress on the strength of welded built-up
compression members.
1. The distribution of residual stress in T-I steel plates,
whether due to cutting of the edges in the unwelded
plates, or due to welding in welded plates, may he
represented by straight lines. In contrast the distri-
(10)
bution inA7 steel plates is approximately parabolic .
(Section 4, Figs. 8 through 21).
2. Because there is a little difference between the residual
stress distributio~s at the top and bottom faces of the
plates, the average value gives a good representation of
the residual stress in the plate (Section 3, Figs. 10,
12 through 18).
3. The distribution of residual stress in plates c~nter
welded, unwelded and welded on both edges are approxi-
mately symmetrical about the center line. (Section 3,
~igs. 10 through 18).
- 19 -
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4. Electrode strength has little effect on the residual
stress distribution of plates having the same
geometry. (Section 3, Fig. 14).
5. Manual and automatic welding resulted in residual
stresses of a similar pattern! However, slightly
higher magnitudes of stress was observed for the
automatically welded plates. (Section 3, Figs. la,
12 through 18).
6,. With unifonn welding conditions the distribution and
magnitude of residual stress is constant along the
longitudinal direction of a welded plate.
(Section 3, Fig. 12).
7. Flame cutting produces a residual stress distribution
similar to that due to edge welding but at lower
magnitudes. (Section 3, Figs. 10, 12 through 18).
8. Near the weld or near a flame-cut edge the transition
in residual stress from tensile to compressive is a
straight line having a very steep slope. In contrast
the transition in plates of A7 steel was more gentle.
(Section 4, Figs. 10, 12 through 21).
9. Plates with the same geometry, but different:. weld
sizes have residual stresses similar in pattern, but
with slightly higher magnitudes for larger welds.
(Section 3, Fig. 10, 12 through 18).
- 20 -
100 The number of weld passes seems to have no significant
effect on the shape and magnitude of residual stress in
plates having the same geometryo (Section 3)0
110 The results of this experimental study make it possible
to estimate the residual stress pattern and magnitude
in T-l steel' plates, welded and unwe1dedo (Tables 7,
8 and 9)0
120 . Shearing results in the formation of residual stress~s
which are totally different in pattern from those
resulting from flame clittingo Individual faces of
unwelded plates with sheared edges have different
residual stress patterns, and residual stresses at the
individual faces have the same magnitude 'but opposite
signo (Section 3, Figso 9 and 11)0
-21-
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7 · NOMENCLATURE
slenderness ratio
depth of weld
width of the plate
double - Vee groove
Vee groove
pLate welded along single edge
modulus of Elasticity (ksi)
plate welded along both edges
single
distances in inches used to show the distribution of
= thickness of the plate
b
t
E
,.
T
L/r
S
D:
V
2-V
Z
i
residual stress along the length: as shown in the
figures of tables 7, 8 and 9.
a . magnitudes of residual stress in ksi, at locations
r1
shown in the figures of tables 7,8 and 9.
a static yield stress level (zero strain rate).ys
290.4
8. DEFINITION OF TERMS
Residual ,Stresses
'Stresses formed as a result of permanent deformations during
the fabrication or manufacture.
Yield Point
The first stress in a material, less than the maximum attainable
stress, at which an increase in strain occurs witho~t an ipcrease in
(11)
stress .
Yield Strength
The stress at which a material exhibits a specified limiting
deviation from the proportionality of stress to strain. The deviation
. d · f· (11)~s expresse ~n terms 0 stra~n .
Yield Stress Level
The average stress during yielding in the plastic range. It
remai~s fairly constant for structural steel, provided the strain
rate remains constant.
Static Yield Stress Level
The average stress during actual yielding in the plastic range
with zero strain ~ate.
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TABLE 1 PLATE SIZES TESTED
Plates With Flame Cut Edges Plates With Sheared Edge.
~ 4 6 8 12 16 20 24
1/4 xo
3/8 xo
1/2 xo+ 0 xo+* xo+
1 x~ xo+* xo
4
1/4 xo+
1/2 xo+
t Thickness of plate 0 Residual Stress after Weldina
b Width of plate + Coupon Tests before Welding
x Residual Stress before Welding * Coupon Tests after Welding
TABLE 2 DATA GROUPED ACCORD1NG TO PlATE WIDTH
Flame Cut Edge
PLate Size Residual Stresses Type and Depth
Measured Of Welding (T), (in) Coupon Tests Weld TypeTest
No.
b(in) t(in)
Before After Single Double Edge Before After
Welding Welding -V -V Welding Welding Aut. Man.
T-l 4 1/4 X X 1/8 - 1/8
- - -
X
T-2 6 1/2 X X 1/4 - 1/4 X X X X
T-3 8 1/2 - X 1/4 - - - - - X
T-4 8 1 X- X 1/4
-
1/4 X X X X
T-5 12 1/2 X X 1/2,1/4
-
1/4,1/2 X X X
-
T-6 12 1 X' X 1/2,1 1 1/2,1/4 X X X X
T-7 16 1/2 X X 1/2 - 1/2 X X X -
T-8 20 3/8 X X - - 3/8 - - X -
T-9 24 1 X X 1/2 - 1/2
- -
X -
Sheared Edge
T-IO 4 1/4 X X 1/8
-
1/8
-
- -
X
T-11 6 1/2 X X 1/4
-
1/4 X - X X
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TABLE 3 INFORMATION OF THE WELDING OF THE PLATES
290.4
Plates With Flame Cut Edges
Center Welded Plates Edge Welded Plates
Plate Geometry Type of Weld Weld Plate Geometry Type of Weld Weld
No. (in. ) Size No. (in. ) Size'
(in. ) '(in. )
Aut. Man. Aut. Man.
T-1-2 4 x 1/4 - X 1/8 T-1-4 4 x 1/4 - X 1/8
-6 4 x 1/4 - X 1/8 -7 4 x 1/4 - X 1/8
T-2-2 6 x 1/2
-
X 1/4 T-1'-6 6 x 1/2 - X 1/4
-4 6 x 1/2 X - 1/4 -8 6 x 1/2 X - 1/4
T-3 8 x 1/2 - X 1/4 - - .. - -
T-4-2 8 x 1 - X 1/4 T-4-6 8 x 1 - X 1/4
-4 8 x 1 X - 1/4 -8 8 x 1 X - 1/4
T-5-2 12 x 1/2 X - 1/4 ~ 12 x 1/2 X - 1/2(LIDO)
-4 12 x 1/2 X - 1/2 -8 12 x 1/2 X - 2 x 1/4
-
-5 12 x 1/2 X - 1/2 -10 12 x 1/2 X - 2 x 1/2
(LlOO)
~ 12 x 1 - X 1/2 T-6-14 12 x 1 - X 1/2
-4 12 x 1 X - 1/2 -16 12 x 1 X - 1/2
-6 12 x 1 - X 1 -18 12 x 1 .. X 1
-8 12 x 1 X - 1 -20 12 x 1 X - 1
-10 12 x 1 - 2VX 2V-l - - - - ..
-12 12 x 1 2VX - 2V-1 - - - - -
T-7-2 16 x 1/2 X - 1/2 T-7-4 16 x 1/2 X - 1/2
- -
- - -
-6 16 x 1/2 X - 2 x 1/2
-
- - - - .!.±:.?. 20 x 3/8 X - 3/8
-4 20 x 3/R X - 2 x 3/8
T-:9-2 24 x 1 X .. 1/2 T-9-4 24 x 1 X - 1/2
-6 24 x 1 X 1 2 x 1/2
Plates With Sheared Edges
Center Welded Plates Edge Welded Plates
Type of Weld Weld Type of Weld WeldPlate Geometry Size Plate Geometry Size
No. (in.) Aut. Man. (in.) No. (in. ) Aut. Man. (in.)
T-10-2 4 x 1/4 - X 1/8 T-I0-4 4 x 1/4 - X 1/8
T-11-2 6 x 1/2 - X 1/4 T-11-6 6 x 1/2 - X 1/4
-4 6 x 1/2 X - 1/4 -8 6 x 1/2 X - 1/4
All center welded plates are welded with
single Vee groove, unless otherwise specified
- 27
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TABLE 4 RECORDS OF WELDING
Electrode Electrode Type Place
Plate Travel Melt-Off Electrode of of
No. Pass Volts Amps (in/min) (in/min) Type Weld Weld Flux Beads
T-1-2 1 18 170 5.8 10.5 E7018(1/8"D) M C - ~
!::.!.:i 1 18 125 24.0 9.55 II M E
- 0 1 / 811
!.:l:! 1 18 170 7.0 10.4 II M C - As T-1-2
l::l:1. 1 18 125 24.0 9.55 " M E - As T-1-4
!:!:l 1 20-22 130 8.0 9.9 11 M C - t ~\/4i2 20-22 210 S.8 8.5 E7018 (3/ l6"D) M C
-
T-2-4 1 32 350 12.0 120.0 170 (W) 5/64" A c 1840 i <x> 174"f
T-2-6 1 22 160 9.2 10.4 E7018(5/321;) M E - 1/8~
2 22 160 9.3 10.6 II M E
-
!::.!:! 1 28 . 300 30.0 111, 1 170 (W) 5/ 64" A E 1840 1/ 8:0.
2 28 300 30.0 111, 1 II A E I'
!:l 1 20-22 130 6.6 10.2 E7018( 1/ 8"D) M C - 1 f1: /4 11 t2 20-22 210 8.8 8.6 E7018(3/15 11 D) M C
-
!:±:! 1 20-22 130 6.8 9.8 E7018(1/8 rr D) M C - ~tI/4" t
E7018(E/16 n D) t2 20-22 210 9.2 8.6 M C
-
1:i:i 1 32 350 15.0 120.0 L70 (W) 5/64" A c L840 ~
~ 1 22 160 9.0 10.4 E7018(1/8"D) M E - 3/1~
2 22 160 8.0 9.8 E7018( 1/ 811 D) M E
-
~ 1 28 300 30.0 111.1 L70 (W) 5/64" A E L840
1
/ 32· 28 300 30.0 111, 1
"
II 11 II
T-5-2 1 32 350 12.0 120.0 L70(W)5/64 11 A C L840 ~
!.::l:.!. Tack 20-22 130 4.9 9.8 EII018(1!8"D) M c -
Welds
1 32 350 12.0 120.0 L70(W)S/64" A c L840 en2 32 350 12.0 120.0 " A c L840
T,-5-5 Tack 20-22 130 5.8 8.7 E11018(1!8"D) M c -
Welds t"U1 32 400 18.0 120.0 L100 (W) 1/ 8 11 D A C 709-5
2 32 500 18.0 120.0 " A C 709-5 1/~!2.:§. 1,2 30 350 24.0 44.4 LI00(W)l/S" A E 709
3,4 30 350 24.0 44.4 L100 (W) 1/8" A E 709 1/4'1,!
~ 1.2 28 300 30.0 111.1 L70 (W)5/ 6411 A E L840 1/8\~
3,4 28 300 30.0 111, 1 L70(W)5!6411 A E L840 1/811~
!:.2.:!Q. 1,2 28 300 21.0 111, 1 L70(W)5/64" A E L840 1/4"~
3,4 28 300 21.0 111.1 L70(W)S/64" A E L840 1/411
!:P..::l. l- 18 140 6.0 11,0 E7018(1/8"D) M C -
2 18 170 6.0 10.3 11 M C
-
3 20 210 4.6 9.4 " M C - C!34 20 210 5.6 9.7 11 M C -
5 20 210 7.5 10.5 II M C
-
6 20 210 7.0 10.1 E7018(1/8 rr D) M C
-
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Electrode Electrode Type Place
Plate Travel Melt-Off Electrode of of
No. Pass Volts Amps (in/min) (in/min) Type Weld Weld Flux Beads
!±i 1,2 32 375 15.0 150.9 L70(.W)5/641l A C L840~3,4 32 375 15.0 150.9 L70(W)5/64" A C L840
!±!. Tack 22 140 - - E7018(1/8") M C
Welds
1 22 140 5.3 9.7 &7018(1/8") M C -
2 20 170 4.9 10.7 E7018(5/3211 ) M C .
E7018(3/16")
..,
3 20 210 4.6 9.7 M C Go
? .54 20 210 7.0 9.3 II M' C ~
II
'2
5 20 210 7.3 9.1 M C
'6 20 210 6.7 9.3 II M C
7 20 210 7.3 9.8 II M C
8 20 210 6.1 9.6 II M C
9 20 210 8.0 9.5 II M C
10 20 210 6.8 9.9 II M C
11 20 210 6.5 10.1 &7018(3/16") M C
l:H 1,2 1 3 32 400 16.0 179.8 L70(W)5/64" A C L840
4,5 1 6 31 375 12;0 152.6 L70 (W)5/64" A C L840
7,8,9 31 375 12.0 152.6 L70 (W) 5/6411 A C L840~-T-ack 22 140 - - E7018(1/8") M C -Welds
Too6.:10 Tack 20 140
- -
E7018(1/8") M 2V-C
Welds
1 20
,.
140 6.4 10.3 E7018(1/811 ) M 2V-C
2 20 140 6.2 10.7 E7018(1/8") M 2V-C 8
'7
3 20 170 6.4 E7018(5/32") 610.7 M 2V-C ,. I
>-
4 18 210 5.9 10.4 E7018(3/16") M 2V-C
of.
5 18 210 5.9 10.3 E7018(3/15") M 2V-C
-
!
6 18 170 5.7 10.6 E7018 (5 /32 11 ) M 2V-C
-
7 18 210 6.1 9.8 E7018(3/16") M 2V-C
-
8 18 210 5.5 10.1 E7018(3/16") M 2V-C
-
!±ll Tack 18 140 - - E7018(1/8 11 ) M - -
Welds [X1 32 325 18.0 130.6 L70(W)5/64" A 2V-C L840 <~ i <2,3,4 32 400 16.0 179.8 L70 (W) 5/6411 A ZV-C L840
5,6 32 400 16.0 179.8 L70(W)5/64" A 2V-C L840
- 29
290.4
Electrode Electrode Type Pla'ce
Plate Travel Melt-Off Electrode of of
No. Pass Volts Amps (in/min) (in/min) Type Weld Weld Flux Beads
T-6-14 1 22 160 3.1 9.6 E7018(5/32") M E - 1/4"0-
2 22 160 8.1 10.3 E7018(5/32") M E -
!±!i 1,2,3 30 300 20.0 105.8 L70(W)5/64" A E L840 3/1~
~ 1 22 160 5.0 10.3 E7018(5/32") M E ..
2 22 160 4.8 10.0 E7018(5/32") M E -
3 22 160 5.8 10.3 " M E .. 7/i~
160 10.3 II
I t
4 22 5.8 M E -
1 J5 22 160 6.2 10.8 II M E - ...JIl
6 22 160 6.2 10.8 " M E -
·V
7 22 160 4.6 10.4 E7018(5/32") M E -
~ 1 to 11 30 300 20.0 105.8 L70(W)5/64 F1 A E L840
!::l.:1 1 32 375 18.0 152.6 L70(W)5/64" A c L840
2,3,4 32 375 15.0 152.6 L70 (W) 5/ 64" A C L840 rwJ
Tack 22 140 - .. E7018(1/8") M C -
Welds
T-7 ..4 1,2,3 32 300 26.0 106.0 L70 5/64" A E L840 3/16~
T-7-6 1,2,3 32 300 26.0 106.0 L70 5/64" A E L840 7/
32
•
4,5,6 32 300 26.0 106.0 L70 5/64" A E L840 1/4" 4-
T..8-2 1,2 30 300 36.0 94.7 170 5/64" A E L840 1/
8"S
T-8 ..4 1,2 30 300 36.0 94.7 L70 (W)5/ 6411 A E L840 5/32" ~
3,4 30 300 36.0 94.7 170 (W)4/64 11 A -J E L840 1/8" W
T-9-2 1,2 32 375 15.0 150.9 170 (W)5/ 64" A E L840 [!]3,4,5 32 375 15.0 150,9 L70 (W) f/64" A E 1840
T-9-4 1 30 300 32.0 94.7 L70(W)5/64" A E 1840
2 30 300 '28.0 94.7 L70 (W)5/ 6411 A E L840 7132'~
3 30 300 26.0 94.7 L70 (W)5/ 64" A E L840
T-9 ..6 1,2,3 30 300 26.0 94.7 L70 (W) 5/64" A E L840 ~4,5,6 30 300 26.0 94.7 L70 (W)5. 64" A E L840
T..10 ..2 1 20 140 6,7 106.25 E7018(1/8 I1D) M C - ~ W1/ 811 t
T-10-4 1 18 125 30.0 12."0 E7018(1/8) M E - -W:/8"
T-11-2 1 20 140 6.2 10.8 E7018(1/8) M C - [!32 18 170 7.7 9.6 E7018(5/32" M C -
3 18 170 6.8 10.0 E7018(5/3211 ) M C -
T-11-4 1 32 375 13.0 150.9 L70 (W)S/ 64 11 A C L840 ~2 32 375 13.0 150.9 L70 (W) 5/ 64" A c L840
T-11-6 1 18 110 10.l 9.3 E7018( 1/ Bit M' E - 0 1/4"
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Test
No.
T-1
Plate
-No.
Plate
1Thd-.c'kn:ess
(in)
Coupon
No. ~t_ ------.----.-- ••• - ---- ~~~--••-----------Test plate Plate CouponI No. No. Thickness No.(in)~ ---~~ . -~ ...............-.- - -~.~~ i T-4-3 1: T-4-3
l I T-4-4
w
}-"1
T-2
T-3
T-'4
T-2-1
T-2-2
'r-2-J
T-2-4
T-2-'5
T-2-'6
T-2-7
T-2-8
T-'4-l
ir-'4-2
1/2 T-2-1-1
T-2-1-2
T-2-1-3
T-2-2-1
T-2-2-2
T-2-2-3
T-2-3
T-2-4
T-2-5
T-2-'6-1
T-2-6-2
T-2-6-3
T-2-7
T-2-8
T-4-1-1
T-4-1-2
T-4-1-3
'lr-4-2-1
'lr-4-2-Z
1;-4-2-3
T-5
T-4-5
T-4-6
T-4-7
T-4-8
T-5-1
T-5-2
T-5-3
T 5-4
T-5-5
T-5-6
T-5-7
T-5-8
T-5-9
T-5-10
1/2
T-4-5
T-4-6-1
T-4-6-2
T-4-6-3
T-4-7
T-4-8
T-5-1
T-5-2
T-5-3
T-5-4-1
T-5-4-2
T-5-4-3
T-5-5
T-5-6
T-5-7-1
T-5-7-2
T-5-7-3
T-5-8
T-5-9
T-5-10-1
T":'S-10-2
T-S-IO-3
TABLE 5 LIST OF TENSION COUPONS INCLUDED IN THE STUDY
N
\.0
o
~
T-2-6-2 I 110.0
T-2-6-3 I 110.0
-~oup:~-l ~~i)
No.
W
N
Test Plate Plate Coupon
No. No. Thickness .No.
(in)
T-6 T-6-7 1 T-6-7
T-6-8 T-6-8
T-6-9 T-6-9*
T-6-10 T-6-10*
T-6-11 T-6-11**
T-6-12 T-6-12**
T-7 T-7-1 1/2 T-7-1
T-7-2 T-7-2
T-7-3 T-7-3
T-7-4 T-7-4
T-8 - - -
T-9 - - -
T-10 I T-10-1 i 1/4 T-10-1
T-10-3 I T-10.-3I
T-11 T-11-1 1/2 T-11-1
T-11-5 T-11-5 \
I
1I
Plate
No.
T-2-1
T-2-6
T-2-3
T-2-5
T-2-7
T-2-8
T-5-1
T-5-2
T-5-3
T--5-5
T-5-9
T-5-10
T-2-1-1
T-2-1-2
T-2-1-3
T-2-6-1
T-2-3
T-2-5
T-2-7
. T-2-8
T-5-1
T-5-2
T-5-3
T-5-5
T-5-9
T-5-10
109.3
.111.2
110.6
110.0
111.2
108.7
111.0
111.0
110.6
112 .. 0
110.9
111.0
111.8
112.2
N
\0
o
+='
* Round Coupon
** Small Coupon
TABLE 5 LIST OF TENSION COUPONS INCLUDED
IN THE STUDY (Continued)
TABLE 6 RESULTS OF TENSION COUPON TESTS
TABLE 7 RESIDUAL STRESS DISTRIBUTION IN AS-CUT UN-WELDED PLATES
290.4
'felt Plate Plate Residual Stress in kai Distances in in.
No. No. Size
(in.)
a
r1 (Jr2 °r3 °r4 21 Z2 23
T-l
- - - - - - -
- -
T-2 1 6 x 1/2 76.0 8.03 5.28 72.6 0.85 4.3 0.85
3 81.4 6.05 6.05 86.9 0.90 4.2 0.90
5 85.8 6.05 6.05 79.2 0.90 4.2 0.90
7 89.1 6.05 6.05 83.6 0.90 4.2 0.90
T-3
- - - - - - - - -
T-4 1 8 x 1 25.3 4.99 4.99 29.7 0.90 6.3 0.80
3 31.9 7.70 7.70 49.5 1.00 6.0 1.00
5 34.1 4.40 3.96 37.4 0.90 6.2 0.90
7 28.6 4.40 3.,96 30.8 0.85 6.2 0.95
T-5 1 12 x 1/2 41.8 6.60 3.63 36.3 0.90 10.2 0.90
3 37.4 2.64 4.73 46.2 0.90 10.2 0.90
.7 40.7 3.96 3.19 40.7 0.90 10.2 0.90
9 42.9 5.39 3.41 36.3 0.90 10.2 0.90
T-6 1 12 x 1 30.8 4.51 4.51 30.8 0.80 10.5 0.70
3 42.9 3.96 3.96 40.7 0.70 10.6 0.70
5 37.4 3.96 3.96 40.7 0.70 10.6 0.70
7 42.9 2.97 2.97 51.7 0.80 10.6 0.60
9 38.5 3.52 3.52 34.1 0.70 10.6 0.70
11 45.1 3.52 3.52 44.1 0.70 10.6 0.70
13 36.3 3.52 3.52 36.3 0.70 10.6 0.70
15 12 x 1 36.3 2.97 2.97 42.9 0.70 10.6 0.70
17 31.9 2.97 2.97 36.3 0.70 10.6 0.70
19 50.6 3.96 3.96 36.3 0.70 10.6 0.70
T-7 1 16 x 1/2 48.4 1.98 2.97 48.4 0.70 14.60 0.70
3 57.2 4.51 1. 98 47.3 0.70 14.6 0.10
T-a 1 20 x 3/8 61.6 3.96 3.96 59.5 0.70 18.6 0.70
3 67.1 3.74 3.63 58.3 0.80 18.5 0.70
T-9 1 24 x 1 46.2 3.96 1. 98 30.8 0.70 22.60 0.70
3 31.9 5.94 5.06 31.9 0.60 22.9 0.50
5 27.5 5.94 11. 0 38.5 0.60 22.8 0.60
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TABLE 8 RESIDUAL STRESS DISTRIBUTION IN CENTER WELDED PLATES
Test Plate Size Residual Stresses (ksi) Distances (in)
No. No. (in x in)
tJ
rO err1 O"r2 O"r3 O"r4 O"r5 O'r6 Zl Z2 Z3 Z4 Zs
T-1
- - - -
-
-
-
..
- - - - -
..
T-Z 2 6 x 1/2 39.9 62.0 16.0 14.0 13.0 12.0 55.9 0.70 1.65 1.40 1,65 0.60
4 6 x 1/2 78.0 44.9 24.0 22.0 18.0 13.9 39.1 0.40 ,1.80 1.65 2.00 0,15
T-3 A 8 x 1/2 65.7 26.4 14.5 9,02 9.02 12.7 23.5 0.20 2.50 2.30 2.80 0.20
B 8 x 1/2 69.7 28.3 12.4 9.60 9.60 10.8 27.8 0.18 2.62 2.60 2.42 0.18
c 8 x 1/2 70.2 31,2 8.03 7.81 7.04 7.70 29.2 0.20 2.60 2.50 2.55 0.15
D 8 x 1/2 66.1 31,0 12.0 12.0 12.0 12.0 31, 7 0.15 2.65 2.40 2,60 0.20
T-4 2 8 x 1 19.1 22.6 7.04 7.26 7.81 7.04 25.0 0.80 2.50 1.40 2.40 0.90
4 8 x 1 30.3 27.1 7.81 9.02 11.0 10.5 31.2 0.80 2.40 1.60 2.40 0,80
T-5 2 12 x 1/2 87.8 ,31.5 16.1 16.1 15.0 14.1 19.6 0.80 4.20 2.20 4.10 0.70
4 12 x 1/2 76.8 36.5 14.9 16.0 16.5 16.5 49.2 0.80 4.20 2.30 3.80 0.80
5 12 x 1/2 79.5 53.5 14.9 11.9 11, 9 14.9 40.8 0.80 4.30 1.90 4.20 0.80
T-6 2-A 12 x 1 31.1 27.1 9.82 6.1 10.0 8.03 24.1 0.60 4.40 1. 60 4.70 0.70
2-B 12 x 1 49.3 24.3 8.10 7.04 9.35 7.04 13.75 0.60 4.50 1. 60 4.70 0.60
4-A 12 x 1 26.95 35.1 10.0 10.0 11.9 10.0 27.9 0.70 4.40 1.80 4.40 0.70
4-B 12 x 1 65.01 34.3 34.3 10.0 10.0 9.02 9.02 32.0 0.60 1.80 4.40 0.70
6-A 12 x 1 51.6 25.6 11,9 13.9 10.0 11, 9 7.15 0.60 4.40 2.00 4.40 0.60
6-B 12 x 1 49.2 22.2 ' '14.41 11.9 10.0 10.0 14.3 0.60 4.50 1, 80 4 .. 50 0.60
8-A 12 x 1 49.7 20.6 14.0 14.0 14.0 17.1 14.1 0.60 5.40 1.00 ,4.50 0.50
8-B 12 x 1 61,2 24.9 14.1 14.1 11. 9 11.9 35.0 0.60 5.00 1,40 4.40 0.60
10-A 12 x 1 46.2 20.5 15.8 6.05 8.03 11, 9 15.1 0.50 4.60 1,80 4.70 0.40
10-B 12 x 1 34.5 24.8 9.8 8.03 8.03 10.6 20.0 0.60 5.00 1.20 4.60 0.60
12-A 12 x 1 47.4 23.0 20.0 10.6 10.0 24.6 5.06 0.60 4.50 1.80 4.60 0.50
12-B 12 x 1 42.9 25.1 10.0 10.0 10.0 16.0 35.3 0.60 4.50 1.80 4.50 0.60
T-7 2 16 x 1/2 69.5 38.0 10.0 10.0 10.0 10.0 40.3 0.60 15.40 1,90 6.50 0.60
T-8 - - - - - - - - - - ... - - -
T-9 2-A 24 x 1 60.1 44.0 7.04 6.05 4.95 8.60 18.5 0.70 10.4 1, 80 10.5 0.60
2-B 24 x 1 71,5 37.8 6.05 4.95 4.95 6.05 22.4 0.60 10.5 1.80 10.4 0.70
- 34 -
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TABLE 9 RESIDUAL STRESS DISTRIBUTION IN EDGE WELDED PLATES
/~
___z:-.._~~'r-= ,0r3
Residual Stress in kai Distances (in)
Test Plate Size
No. No. (in x in) Weld
err1 °r2 Or} °r4 Zl Z2 Z3
T-1
- - '- - - - - - - -
T-2 6 6 x 1/2 78.1 15.1 2.97 86.0 0.8 4.20 1.0 S
8 92.0* 2.97 16.0 85.0 0.8 4.20 1.0 S
T-4 6 8 x 1 99.0* 8.5 8.0 44.0 1.2 5.1 1. .70 • S
8 78.0* 7.26 11.55 33.0 0.80 6.4 0.80 S
T-5 6-A 12 x 1/2 74.8 8.03 6.05 88.2** 1.00 10.1 0.90 D
6-B 62.8 10.5 1.0 100.0** 0.90 10:1 1.00 S
8-A 100.0* 6.05 6.05 98.6* 1.0 10.0 1.00 D
8-B 93.5* 6.26 1. 10 99.0* 0.90 10.2 0.90 S
10-A 82.4* 8.80 10.0 73.6* 0.90 10.2 0.90 D
10-B 75.9* 9.75 1.0 101.0* 0.90 9.1 1.00 S
T-6 14 12 x 1
- - - - - - - -
16-A 90.0* 6.05 4.06 42.8 0.60 11. 2 0.20 S
l6-B 125.0* 7.02. 2.96 42.8 0.70 11.0 0.30 S
18
- - - - - - - -
20-A 95.0* 13.6 1,0 48.4 0.70 10.5 0.80 S
20-B 98.0* 14.3 1,0 48.0 0.70 11.0 0.30 S
T-7 4 16 x 1/2 82.5* 10.6 1.0 . 50.5 0.70 14.6 0.70 S
6 84.0* 6.71 6.27 83.6* 0.90 14.2 0.90 D
T-8 2 20 x 3/8 82.5* 6.05 4.40 60.5 0.70 18.3 1,00 s
4 81. 3*. 5.61 5.50 81.4* 1.00 18.2 0.8 D
T-9 4-A 24 x 1 35.0 5.08 6.60 81.5* 0.7 22.6 0.7 S
4-B 39.0 12.3 5.72 115.95* 0.60 22.7 0.70 S
6-A 111. 0* 5.50 5.50 12~.O* 0.70 22.6 0.70 D
6-B 109.0* 3.96 6.05 121. 0* 0.80 22.6 0.60 D
S - Welded on one edge only
,D - Welded on both edges
* - Residual stress at the welded edge
** - Residual stress at the edge welded with
LlOO electrode
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FIG. 4 EQUIPMENT USED FOR RESIDUAL STRESS
MEASUREMENTS
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